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The evolution of sex chromosomes is usually considered to be driven by sexually 28 antagonistic selection in the diploid phase. However, selection during the haploid 29 gametic phase of the lifecycle has recently received theoretical attention as possibly 30 playing a central role in sex chromosome evolution, especially in plants where gene 31 expression in the haploid phase is extensive. In particular, male-specific haploid 32 selection might favour the linkage of pollen beneficial alleles to male sex determining 33 regions on incipient Y chromosomes. This linkage might then allow such alleles to 34 further specialise for the haploid phase. Purifying haploid selection is also expected 35 to slow the degeneration of Y-linked genes expressed in the haploid phase. Here, we 36 examine the evolution of gene expression in flower buds and pollen of two species of 37 Rumex to test for signatures of haploid selection acting during plant sex chromosome 38 evolution. We find that genes with high ancestral pollen expression bias occur more 39 often on sex chromosomes than autosomes and that genes on the Y chromosome 40 are more likely to become enriched for pollen expression bias. We also find that 41 genes with low expression in pollen are more likely to be lost from the Y 42 chromosome. Our results suggest that sex-specific haploid selection during the 43 gametophytic stage of the lifecycle may be a major contributor to several features of 44 plant sex chromosome evolution. 
IMPACT SUMMARY

52
Selection in the haploid phase of the life cycle is considered to be a strong force 53 allowing for the efficient purging and fixation of recessive alleles. Previous theoretical 54 and empirical work suggests that haploid selection can affect plant sex chromosome 55 evolution in several ways. Haploid selection should favour the suppression of 56 recombination allowing haploid beneficial alleles to fix on chromosomes that 57 segregate into the sex experiencing stronger haploid selection, generally males. 58 Haploid selection may also allow such genes to subsequently specialise for this 59 haploid stage. Finally, purifying haploid selection may slow down the degeneration of 60 non-recombining chromosomes. Evidence for these processes is, however, limited. 61 Here, we analyse gene expression data from three tissues of two Rumex species to 62 look for signals of haploid selection acting on plant Y chromosome evolution. We 
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Gene expression in pollen may contribute to the evolution of sex 93 chromosomes in three complementary ways (Fig. 1) . First, similar to sexually 94 antagonistic alleles in diploids, pollen-specific (and therefore sex-specific) haploid 95 selection can favour the loss of recombination between the X and Y chromosomes, 96 because linkage of alleles beneficial during pollen competition to the Y chromosome 97 enables these alleles to spend more time in males where competition occurs (Scott 98 and Otto 2017). Hereafter, we refer to this phenomenon as adaptive linkage (Fig. 1a) . (Fig. 1b) (Fig. 2c) .The study of pollen expression in young plant sex chromosome 107 systems provides opportunities for the untangling of these three processes. 
METHODS
131
Tissue collection 132 We used gene expression data from three tissues: pollen (a target for haploid 133 selection), male flower bud (a target for sexual antagonism) and male leaf (control). 134 We collected mature pollen and filtered it through a fine nylon mesh before RNA (Fig. 2b) . However, this enrichment of pollen-biased genes on the sex 248 chromosomes could be driven by three distinct factors (Fig. 1) ; an ancestral bias due (Fig. 1c) , we compared the pollen 257 expression of hemizygous genes (which lack a Y-expressed copy) and XY genes Supplementary Fig. 2 ). This effect is particularly prominent in the more degenerated (Fig. 2) . Again, this effect was more pronounced in R. rothschildianus.
271
Our results suggest that haploid selection retains pollen expressed genes, as also (Fig. 1a) , and/or pollenization (Fig. 1b) (Fig. 2) . To account for this divergence, we normalized the 344 expression bias of XY and orthologous genes by the average expression bias of their 345 respective autosomal genes to uncover relative differences in expression between 346 species (for details see methods). 347 We found that XY-linked genes in R. hastatulus were significantly more pollen 348 biased than their autosomal orthologs in R. rothschildianus in both tissue 349 comparisons (Wilcoxon's sign rank test P < 0.01 both tissue comparisons, Z = -13.58 350 pollen/leaf, Z = -3.941 pollen/flower bud) (Fig. 3) . Similarly, XY-linked genes in R. (Fig. 1a,b) , we would predict that it is driven by (Fig. 4) . In pollen, however, 44.9% of XY 
